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(http://creativecommons.org/licenses/by-nc-nd/4.0a b s t r a c tAvailable online 4 June 2016 The characteristics of four stages of demutational succession of a valley Korean pine–broadleaf
forest are provided according to the parameters most vividly capturing the structure of the
plant community and inﬂuencing the renewal and mycorrhization of Korean pine (Pinus
koraiensis) seedlings. It was found that Korean pine seedlings grow in a competitive environment
on the fresh burned site; hence the mycorrhization occurs from specialized symbiotes that pro-
vide competitive advantages and adaptation to stress factors. Mycorrhiza forms the least success-
ful in the 50–60-year-old larch–birch–spiraea association during the seral stages of succession.
The 90–100-year-old birch–broadleaf association offers the most suitable soil and cenotic condi-
tions for the development of Korean pine seedlings that can successfully generate mycorrhiza
from both the spores present in the thick soil layer, and through mycelia of shared mycorrhizal
networks of seral and primary (including Korean pine) tree species. A 230–250-year-old climax
community comprises all patterns to ensure that pine seedlings encounter a fungal component; in
this community the greatest abundance of species and a balanced composition of ectomycorrhizal
fungi communities of Korean pine are observed.
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The increase of the number and the area of ﬁres, both of man-made and natural origin, on the territory of one of the richest forest
regions of Russia — the Far East leads to a sharp reduction of valuable forest ecosystems, including primary pine–broadleaf forests
(Astaﬁev et al., 2004; Sukhomlinov, 2006; Petropavlovsky and Astaﬁev, 2010). Natural regeneration of pine forests after the ﬁres is
a complex, lengthy and understudied process. So far data was obtained on demutational successions in pine forests after the ﬁres,
mainly concerning the changes in the composition and structure of communities, the early stages of succession, soil banks of seeds
and morphogenesis of species (Kolesnikov, 1938; Solovyov and Solodukhin, 1957; Shemetova, 1970; Komarova, 1986; Komarova,
1992; Komarova et al., 2008; Gromyko et al., 2010). In the study of primary forests restoration process it is important to understand
the development of tree species dominant in the original community.ova).
eral University.
ity. Hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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49E.A. Pimenova et al. / Achievements in the Life Sciences 10 (2016) 48–56Korean pine (Pinus koraiensis Siebold et Zucc.) is an ediﬁcator of pine and pine–broadleaf forests within the boundaries of its
range — south of Russian Far East, northeastern China, Korea, and Japanese Honshu island (Koropachinsky and Vstovskaya, 2002).
This is the key species in the organization and functioning of ecosystems and a valuable tree species for economic use. But at the
same time, Korean pine is a species highly susceptible to ﬁre, pine forests belonging to the second class of ﬁre hazard (Gromyko,
2010). In order to understand and control the processes of reforestation after the ﬁres one of the key objectives is to study the
growth and dynamics of Korean pine and the factors determining the success of its restoration.
Korean pine, similar to all tree species of nemoral and boreal forests, forms an obligate symbiosis with ectomycorrhizal (ECM)
fungi, which was revealed both in the study of ground variety of fungi by collection of fruit bodies (Vasilyeva, 1973; Vasilyeva,
1982), and in morphological–anatomical and molecular analysis of mycorrhizal endings (Zengpu et al., 1995; LePage et al.,
1997; Choi et al., 2005; Malysheva et al., 2014; Yamada et al., 2014). The symbiosis of representatives of genus Pinus and ECM
fungi has formed over 50 million years ago (LePage et al., 1997). The symbiosis that appeared in different clades of plants can
be seen as an adaptation to changes in climate towards pronounced seasonality and dryness (Wang and Qui, 2006). Thanks to
mycorrhiza a plant beneﬁts in availability of nutrients and resistance to pathogens, which is reﬂected in its growth and develop-
ment (Smith and Read, 2008). In this regard, one of the most important factors in the study of regenerative successions of com-
munities is the mycorrhization of seedlings of the host plant and its impact on the direction of development of the ecosystem
(Grogan et al., 2000; Guariguata and Ostertag, 2001; Nara, 2006; Ishida et al., 2007; Bent et al., 2011; Peay et al., 2011).
The goal of our study is to examine the process of demutational succession after the ﬁres in pine–broadleaf forests and features
of formation of Korean pine ectomycorrhizas.
Among the main issues that we addressed in the research were the following: What changes occur in the process of succession
of valley pine forest under different scenarios of its restoration after the ﬁres? What components or features of the community
may affect the mycorrhization of Korean pine seedlings? What sources of fungal inoculum are present in the community at dif-
ferent successional stages after different types of ﬁres? Does the presence of mycorrhiza impact the success of regeneration of
Korean pine?
Materials and Methods
Study Area
The research was carried out on the territory of the Sikhote-Alin Biosphere Reserve located in the southern part of the Russian
Far East (44°49′13″–45°41′25″N, 135°48′46″–136°34′23″E), in the central part of the Sikhote-Alin mountain ridge. Climate-wise
the Reserve is located in the Paciﬁc region of the temperate zone of the Far East, in the coastal climate area (Vitvitskiy, 1961).
The climate has a pronounced monsoon character, manifested in a sharp change of wind direction towards the opposite in winter
and summer. The total annual temperature during the growing season is approx. 2000–2500 °C, frost-free season is 105–120 days
long, growing season is about 160 days long, and total annual precipitation is about 700 mm. The major amount of precipitation
(78–85%) falls during frost-free, wet season — from April to November. Climatic differences are mostly manifested on the eastern
and western macroslopes of the Sikhote-Alin. The eastern macroslope is under the constant inﬂuence of the Sea of Japan and the
Paciﬁc Ocean, so its climate is characterized by high humidity and smoothness of most hydrothermal phenomena. The western
slopes, being under constant “protection” of the mountain system of Sikhote-Alin, are isolated from the direct inﬂuence of the
sea. The average monthly temperature in January on the eastern slopes is −12.3 °C, while on the western slopes it reaches
−22.2 °C; the average temperature in July is +15.6 °C and +19.2 °C, respectively. A similar pattern is observed with respect
to the annual precipitation: on the western slopes the average is 680.0 mm, while on the eastern ones — 818.7 mm (the calcu-
lation of average-multiannual indices was made according to data from meteorological stations Terney and Melnichnoe for the
period from 1940 to 2013).
The soil cover of the Reserve is complex and highly diverse, characterized by latitude, altitude and expository bioclimatic
changes and a variety of lithological and geomorphological conditions (Gracheva and Utenkova, 1982). Fires and post-ﬁre succes-
sions, which manifest themselves differently in different ecosystems, also have an impact on soil formation, further complicating
the composition and structure of soil (Shemetova, 1970; Sapozhnikov et al., 2001).
Humic-illuvial brown soils are widespread under pine–broadleaf forests in the study area. In the proﬁle of these soils a 5–7 cm
thick mixed coarse-humus and soft-humus layer gives place to brown or dark-brown loamy-detritus mass. The soils are acidic and
unsaturated. The processes and inherent properties of cold alpha-humic and warm brown-soil formation processes are combined
here (Gracheva, 2005).
The dominant formations in the Reserve are: pine–broadleaf, spruce–ﬁr and oak forests covering 120.2, 94.7, and 44 thousand ha,
respectively. Rather large areas of the forest-covered territory are located in ﬁre sites (14.3 thous. ha), secondary small-leaf forests
(32.4 thous. ha) and larch forests (45.4 thous. ha). There were 70 ﬁres during the evaluation period from 1977 to 2013, and the
area covered by the ﬁre was more than 23.1 thous. ha. Korean pine is one of the main forest-forming species of the Reserve, with
the volume of 701 thousand m3.
Geobotanical Description
The monitoring of the dynamics of primary and derivative communities is being carried out in the Sikhote-Alin Reserve since
the 1950s (Anon, 1954). A signiﬁcant expansion of the network of permanent sample plots was carried out in the 1970s and
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in similar conditions and modeling a development series of a community (Shemetova, 1970; Flyagina, 1982). The ﬁrst study area
for the monitoring of the regeneration of pine forest after the ﬁres was organized in 1978. Several more study areas were added
subsequently in connection with the problems of forest ﬁres on the territory of the Russian Federation reserves (Kuleshova and
Korotkov, 1998; Kuleshova and Korotkov, 2002).
Based on the results of long-term studies of regenerative successions in the Reserve (Petropavlovsky and Astaﬁev, 2010), a
successional series in a valley pine–broadleaf forest with several regeneration scenarios was selected for this project. In order
to assess the successional processes we made observations at permanent sample plots (PSP), with the dimensions of 50
× 50 m and 50 × 100 m in the primary community and late successional stages, and transects of 50 × 10 m and 50 × 1 m on
fresh burned sites. Additional 20 × 20 m sample plots were established in August 2013 for the sampling of root tips of Korean
pine and study of the patterns of mycorrhization of seedlings.
The ﬁrst sample plot (PSP 1) is located in Ust–Shanduy area at the territory of a 10-year long restoration after a steady ground
ﬁre in a forest with linden, yellow birch and dark coniferous species (45°19.642′ N, 136°29.629′ E, 267 m above sea level). The
second sample plot (PSP 2) is located within the primary valley pine forest with linden, yellow birch and dark coniferous species,
hazel and mock orange, miscellaneous herbs and sedges, not affected by the ﬁres and selected for control (the plot is located at a
distance of 50 m from PSP 1, 45°19.666′ N, 136°29.650′ E, 264 m above sea level). Two more sample plots of the same size were
established in Yasnaya area tract within two plant associations of the same successional series, at the stages of 50–60 years
and 90–100 years old recovery after the ﬁre: a birch and broadleaf species sample plot with pine, mixed shrubs and sedges
(PSP 3 45°14.088′ N, 136°30.508′ E, 154 m above sea level), and a birch–larch–spirea sample plot with sedges and ferns
(PSP 4, 45°14.350′ N, 136°30.350′ E, 158 m above sea level).
Geobotanical descriptions of vegetationweremade for all sample plots with full enumeration of components of the communities:
tree layers, undergrowth, shrub and grass canopies. The quantitative characteristics of the standweremeasured in the full-sized sam-
ple plots; the enumeration of undergrowth, shrub and grass layers was done on 5 × 5 m sites and 50 × 1 m transects. A detailed de-
scription of associations is presented in Table 1.
The age range of Korean pine in the described area was from 1 to 250 years; the absolute age was taken into account, without
reference to ontogenetic stages. We singled out the following provisional classes of the absolute age of undergrowth and mature
trees: 1–5 years, 7–20 years, 40–70 years, 120–150 years, and N200 years.
A procedure for collection of soil samples and study of ectomycorrhizal fungiwithmolecular-geneticmethods used in our research
is described in detail earlier Malysheva et al. (2014).
Data Processing and Statistical Analysis
In order to address the stated issues, we evaluated such parameters as the store of soil litter, the store of soil layer, the pres-
ence or absence of mature living pine trees and trees of other species in the stand, the abundance of undergrowth and richness of
shrub and herbaceous species, and the number of Korean pine by age categories. For comparative characteristics of successional
stages we examined in detail cenopopulation groups of plant species (Korchagin, 1964) and their role in the formation of uneven-
aged communities, as well as the structure of these plant groups, taking into account their ecological and cenotic afﬁliation, life
form and geographical range. In order to select the cenopopulation classes we used the concept of initial, seral and climax species
Clements (1928). The calculation of the composition of elements of different classes was conducted using data obtained in the
Southern Sikhote Alin (Komarova, 1986; Komarova, 1989; Komarova, 1992; Komarova et al., 2008), and with the results of our
own research (Gromyko et al., 2010). To analyze the ecological and cenotic structure we used the introduced classiﬁcation
Smirnova (1990) with amendments (Pimenova, 2005a). Geographical groups were singled out using chorological elements of
the ﬂora (Pimenova, 2005b). Eco-bio-morphological analysis was performed using the existing classiﬁcation of seed plants
Bezdelev and Bezdeleva (2006).
For comparison of successional stages we evaluated the species richness, diversity and common elements in the four described
communities of valley pine forest at different stages of the age range, based on the slice of data collected in August 2013. To assess
diversity we used four indices calculated using a variety of approaches: the Shannon diversity index based on the relative abun-
dance of species; Jacknife2 and Chao 2 indices based on the analysis of rare species (registered once or twice); and ICE (incidence-
based coverage estimator) calculated with species found in ≤10 sampling units (Chazdon et al., 1998; Colwell, 2013). The number
of randomizations for the calculation of the indices was 50. In order to assess the similarity of species we used Jaccard and
Sørensen indices. The indices were calculated in EstimateS software, version 9.1.0 (Colwell, 2013; Colwell and Elsensohn, 2014)
available at: http://purl.oclc.org/estimates.
Results and Discussion
In order to characterize the succession periods we grouped the species into three cenopopulation classes: initial (pioneer),
seral and climax (indigenous) ones. The initial cenopopulation class comprises of pioneers growing on ﬁre sites, reaching maxi-
mum abundance in the ﬁrst year after the ﬁre. Exposure to ﬁre initiates mass germination of their seeds, dormant in the soil.
This class includes herb (Chelidonium asiaticum, Corydalis pallida, Chamerion angustifolium) and shrub (Sambucus racemosa) spe-
cies. The seral cenopopulation class includes species massively developing 3–5 years after the ﬁre and providing a series of tran-
sitional stages of development of pre-ﬁre community. In the presence of repeated ﬁres they form long-standing derivative
Table 1
The characteristics of associations of successional stages of the valley Korean pine–broadleaf forest.
Association Succession stage
(in: Sukachev,
1938)
Age of
community,
years
The depth of
the soil layer
to the mineral
level, cm
Store of
litter, tones
per ha
Composition of
the stand
Composition of
regrowth
The quantity of
Korean pine
regrowth,
ind. per ha
The quantity
of undergrowth,
ind. per ha
Herb
canopy,
%
The variety of
vascular plants,
number of species
per 100 m2
The quantity of
registered OTU
mycorrhizal
fungi
Fresh burned site
in a valley pine
forest (PSP 1)
Closed forming
phytocenosis
10 21 24.1 Un. Ta 3Pk3Bc2Ta1Am1
(At + Pa)
2800 28,400 100 37 21
Valley pine forest with
linden, yellow birch,
hazel and mock
orange (PSP 2)
Closed constant
(primary)
phytocenosis
230–250 18 19.1 4Pk3Ta2Bc1Ulun.Am 3Au2Pk2Am1An1At1Pav
un.Bc,Ta,Fm,La
2200 71,600 90 40 18
Birch–broadleaved
with pine, misc.
herbs and
sedges (PSP 3)
Closed constant
phytocenosis
90–100 23 11.9 2Bp2Qm2Pk1Ta1Am +
Bc,Pa,Ld,Pt un.La
5At2Pk1An1Am1Pa +
Pt un.Au
2700 61,600 20 28 23
Birch–larch–spirea
with sedges and
ferns (PSP 4)
Closed constant
phytocenosis
50–60 16 14.2 4Ld2Bp2Qm2Ta
un.Am,La
5Pmax4Am1Pk un.La 600 29,200 80 29 11
Fn: Am— Acermono; At— Acer tegmentosum; Au— Acer ukurunduense; An— Abies nephrolepis; Bc— Betula costata; Bp— Betula platyphylla; Fm— Fraxinus mandshurica; La— Ligustrina amurensis; Ld— Larix dahurica; Qm—Quercus
mongolica; Ta — Tilia amurensis; Pa — Picea ajanensis; Pk — Pinus koraiensis; Ul — Ulmus laciniata; Pav — Padus avium; Pm — Padus maackii; Pmax — Padus maximowiczii; Pt — Populus tremula.
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52 E.A. Pimenova et al. / Achievements in the Life Sciences 10 (2016) 48–56secondary forests. This group includes mostly tree (Salix caprea, Betula platyphylla, Populus tremula, Larix dahurica) and shrub
(Lespedeza bicolor) species. The climax cenopopulation class includes species of primary communities most typical historically
for this type of natural and geographical conditions. These species are present in all successional stages with varied abundance.
Tree and shrub representatives of this cenopopulation class (P. koraiensis, Picea ajanensis and Acer mono) appear on ﬁre sites on the
3rd–5th year after the ﬁre, and in the absence of subsequent ﬁres reach maximum abundance in 20–50 year-old communities.
The research of demutational changes after the ﬁres and identiﬁcation of the impact of ECM fungi communities on the regen-
eration of Korean pine was carried out on a model succession series in the valley Korean pine forest with hazel and mock orange.
With the results of long-term observations we created the age range of a community with two development scenarios depending
on the type of ﬁre. The ﬁrst stage in the selected range is a fresh 10-year-old burned site. A steady ground ﬁre which happened in
the primary Korean pine forest in 2003 led to almost total destruction of all layers of vegetation and scorching of soil litter, espe-
cially in the areas of its aggregation. Accumulative humus layers of brown and soddy soil were slightly damaged by ﬁre, burning
only together with deadwood. Five years after the ﬁre a new 1–3 cm thick soil litter is formed, but up to 90% of its fractional com-
position consists of branches and bark of dead trees, with the volume of 26.1 tons per ha. By the age of 10, the volume decreased
slightly and amounted to 24.1 tons per ha, which exceeds the amount of soil litter compared to later stages in the successional
series (Table 1). Individual Tilia amurensis trees, 35–40 cm in diameter, and A. mono trees are present in the tree canopy. Besides
the deciduous species, solitary Korean pine trees remained on the borders of burned forest. The presence of mature generative
individuals of Korean pine in the vicinity of ﬁre site during seed years after the ﬁre (in 2004 the seed yield reached 4 points) pro-
vided good sowing of the territory. Seedlings of Korean pine of the ﬁrst two age groups (1–5 years and 7–10 years) reached
2800 individuals per ha. Abelia coreana, Ribes maximoviczianum, and Rubus sachalinensis form closed groups in the undergrowth.
Among the large shrubs Philadelphus tenuifolius and Corylus mandshurica dominate. The sprouts of vines of Actinidia kolomikta and
Vitis amurensis are distributed evenly. Grass cover reaches 100% mainly due to the growth of nemoral-forest sedges and ferns.
Cenopopulation structure analysis shows that the group of initial species most active in the early years after the ﬁre constitutes
only 10% of the total number of species, while seral and climax cenopopulations reach considerable diversity (Fig. 1). Initial
cenopopulations are represented by annual and biennial herbs and shrubs with circumpolar, Eurasian or Asia–North American
range. Seral cenopopulations are formed predominantly by woody species widespread in East Asia. Cenopopulations of primary
species exceed seral ones twofold; they are composed of main forest-forming species that were present in the pre-ﬁre commu-
nity, and related species of shrubs and herbaceous perennial plants. The variety of vascular plants registered in the ﬁeld studies
was 37 species per 100 m2. The Shannon index value of over two reﬂects high species diversity on the fresh 10-year-old burned
site (Table 2). However, indices aimed at identifying the true diversity (Jacknife 2, Chao 2, ICE) show the undercount of species
on the fresh burned site by 20–30%. The ecosystem after the ﬁre is open to the regeneration of the representatives of all
cenopopulation classes, and the diversity reaches the highest values by the 10th year. In this case, according to the values of
valuation indices, combinations of 54 species per 100 m2 are possible.
Under what conditions does Korean pine appear, grow and develop; and ECM fungal communities obligately connected to it
are formed? During the succession stage described above the regrowth of Korean pine is in the conditions of disturbed primary
community without tree canopy, with formed layer of seral species regrowth, with lush undergrowth and thick ground cover.
There is a high diversity of species of vascular plants, different in composition from the subsequent successional stages.
Phytocenosis is formed on low-disturbed soil under conditions of high concentrations of organic matter as soil litter. The regrowth
of only two age categories of Korean pine (1–5 years old and 7–10 years old) is present on the ﬁre site, while seedstalking trees
have remained at its border. Under the new conditions initiated by ﬁre a certain fungal community is formed which may affect
the growth processes and lead to a shift in succession by the symbiosis with particular species or a number of species, as
shown by the studies (Visser, 1995; Nara, 2006; Bent et al., 2011). Mycorrhization of pine seedlings is possible both with fungal
spores resistant to ﬁre and from the surviving climax species of trees that are able to develop shared mycorrhizal networks. How-
ever, mycorrhization in the early stages of succession takes place in the conditions of high competition both for ground and soil
space, with a large number of plants in need of fungal component for nutrition. As shown in our earlier studies (Malysheva et al.,
2014), in this area the seedlings are colonized mainly by specialized symbiotes (species of the genus Suillus) that can form my-
corrhiza out of spores. The specialization of fungal symbiote provides young pine regrowth with a competitive advantage for
the sources of nitrogen and phosphorus and contributes to avoiding optional epiparasitism in the early stages of development
of woody plants. In addition, ectomycorrhizal symbiote Cenococcum geophilum was found in this area, which allows the seedlings
to adapt successfully to stressful environmental factors and plays an important role in the regeneration of pine forests
(Ashkannejhad and Horton, 2006; Matsuda et al., 2009). In this successional stage 21 operational taxonomic units (OTU) of
ectomycorrhizal fungi were identiﬁed. Their distribution in the soil mass showed their association to the upper layers, including
the semi-decomposed litter. In summary, ECM fungal community on early stages fully satisﬁes the prevailing soil and cenotic con-
ditions, in which the Korean pine seedlings develop.
In 10 years after the ﬁre the regrowth starts to close and thin out, and in 20 years a part of large regrowth of fast-growing species
(seed-bearing Betula platyphylla, P. tremula, S. caprea and sprouting T. amurensis) goes into the stand, reaching a height of 6–7m and a
diameter of 6–7 cm(Gromyko et al., 2010). In 20 years after theﬁre shrubs in the closed layer amount to 67.6 thousand shoots per ha,
and the majority of the species reach their maximum abundance. Among the shrubs R. maximoviczianum, A. coreana and
C. mandshurica dominate. The thick ground cover is dominated by sedges, Thalictrum tuberiferum, Lathyrus humilis, Galium davuricum;
and among the ferns — nemoral boreal species Pseudocystopteris spinulosa.
Subsequently, in 50–60 years after the ﬁre, depending on the degree of burning-out and the presence of areas unaffected by
the ﬁre nearby in the pine forest, the succession process goes in several directions. In our model series a birch–larch–spirea
Fig. 1. The distribution of eco-cenotic (a), eco-bio-morphologic (b), and chorologic (c) elements in cenopopulation classes at different stages of post-ﬁre succession
of the valley pine forest. Legend: blf — bottom-land forest; bf — boreal forest; nbf — nemoral boreal forest; nf — nemoral forest; fm — forest–meadow; iogf — initial
overgrowth forest; abh — annual and biennial herbs; tr p — tap root polycarpics; sr p — short root polycarpics; lr p — long root polycarpics; v — vines; s — shrubs;
t — trees; cp — circumpolar; ea. — Eurasian; ana — Asia–North American; a — Asian; esfe — East Siberian — Far Eastern; eas — East Asian.
53E.A. Pimenova et al. / Achievements in the Life Sciences 10 (2016) 48–56association with sedge and fern (PSP 4) is an example of the development of a community with completely destroyed primary
tree stand, located at a distance from the primary forest. The stand is dominated by seral species: Larix dahurica and Betula
platyphylla with a diameter of 30–35 cm. A signiﬁcant part of primary tree species consists of T. amurensis and A. mono. Coniferous
species are represented poorly. Pine regrowth is present in small quantities (Table. 1). The undergrowth is dominated by seral
species as well: Lonicera chrysantha and Spiraea ﬂexuosa. The herbaceous canopy is less diverse compared to the primaryTable 2
The indices of species richness and diversity in communities of different ages in demutational regeneration series of the valley pine–broadleaf forest.
Age stage Sobs Shannon Jack 2 Chao 2 ICE
10 years (PSP 1) 37 2.42 53.3 46.0 53.8
50–60 years (PSP 4) 29 1.80 35.7 30.9 34.1
90–100 years (PSP 3) 28 2.66 35.1 30.6 32.6
230–250 years (PSP 2) 40 3.18 46.9 41.9 45.4
54 E.A. Pimenova et al. / Achievements in the Life Sciences 10 (2016) 48–56community, covering up to 80% of the territory with the dominance of Maianthemum dilatatum and nemoral sedges. At this stage
initial cenopopulations are absent, and the diversity of seral and climax groups is approximately equal. Seral cenopopulations con-
sist of nemoral-forest and bottom-land forest species, with signiﬁcant participation of forest–meadow ﬂora (Fig. 1). Shrubs are the
dominant group among the life forms, which is typical for the seral cenopopulations class in general.
In the areas where the destruction of the tree stand was gradual due to the ground ﬁre, intensive reforestation with pine,
spruce and ﬁr began in the ﬁrst years after the ﬁre and continued throughout the period of succession. The case under study rep-
resents another pattern of primary forest development as exempliﬁed by 90–100 years old birch–broadleaf association with pine,
miscellaneous herbs and sedges (PSP 3). Thickness of the soil in this community is maximal, and the stock of ground litter is min-
imal (Table 1). Pine regrowth is abundant and multiple-aged. The undergrowth is dominated by species typical of primary pine
forests: C. mandshurica, R. maximoviczianum, Euonymus pauciﬂora etc. Ground cover is underdeveloped, dominated by ferns and
short grasses typical of coniferous forests. Initial cenopopulations are absent at this stage, while seral ones are represented mainly
by tree species (Betula platyphylla, P. tremula), their life cycle near completion. Climax species dominate more than twofold over
the seral ones (Fig. 1).
In the intermediate stages of regenerative succession described above seral and climax cenopopulation groups are the leading
ones. The complex of seral cenopopulations is themost complicated, since assigning a number of species to this group may have am-
biguous interpretation, as in the case of Aralia elata or C. mandshurica. However, information on the successional status of a number of
the seral tree cenopopulations (in the studied demutational series these are Betula platyphylla, Larix dahurica, P. tremula) and their role
as intermediate dominants in communities may be found in theworks of other researchers (Komarova, 1992; Komarova et al., 2008).
Seral cenopopulations are most often composed of species with hard-to-deﬁne eco-cenotic status. Typically, they are considered
nemoral-forest species, or forest–meadow ones, or accompanying plants to larch, birch or oak. Shannon index, based on the assess-
ment of all the species present in the community, shows rather high species diversity for the late 90–100-year-old successional
stage and the lowest diversity for the 50–60-year-old birch–larch–spirea association (Table 2). Jacknife 2, Chao 2 and ICE indices
show roughly the same undercount of species in seral stages — by 10–20%.
The estimations of the similarity of species diversity (Jaccard and Sørensen indices) showed the greatest similarity of the later
seral stages. There are signiﬁcant differences between succession stages separated from each other by large time intervals
(Table 3). This contrast of the species composition on multiple-aged burned sites was identiﬁed in the study of post-ﬁre succes-
sion of larch forests (Lytkina and Mironova, 2009).
The development of cenopopulations of Korean pine occurs in different ways during the described late-succession stages charac-
terized by the formation of the tree canopy. In the 50–60-year-old larch–birch–spirea association formed after a major ﬁre under the
circumstances of the complete destruction of primary phytocenosis and the absence of generative Korean pine trees nearby, the num-
ber of Korean pine regrowth is only 600 individuals per ha. The tree canopy of the ﬁrst layer is formed by seral cenopopulations, the
primary deciduous species are present only in the subordinate canopy, undergrowth is quite thick, and ground cover is up to 100%
of the cover. The soil layer is thin in this community, and the store of soil litter is low. Species diversity is small, seral cenopopulations
still retaining some activity. These conditions are least favorable for successful mycorrhization and development of Korean pine. Pine
seedlings can obtain fungal inoculum only through the spores of a limited group of ECM fungi ormycelium of sharedmycorrhizal net-
works of seral leaf species. The competition for thin soil layer and ground space is quite high. The least number of ECM fungi in Korean
pine was found in this association — 11 OTU (Malysheva et al., 2014).
The formation of a new pine cenopopulation is rather intense in another line of the successional series with the gradual de-
struction of the burned primary forest stand and the close proximity of generative individuals of Korean pine, which can be ob-
served on the 90–100-year-old burned site. This site features multiple-aged regrowth of Korean pine, a part of which has already
entered the stand and is capable of having seeds. The tree canopy is complex, with the dominance of seral species in the ﬁrst
layer, and primary cenopopulations — in the lower tree layer. The undergrowth is dense, and the ground cover in coniferous par-
cels is hardly expressed. The soil layer is quite thick, and the store of soil litter is low. Species diversity of vascular plants decreases
at this stage due to the loss of initial species and the reduction of diversity of the seral ones. In our opinion, these are the most
suitable conditions for the development of Korean pine seedlings that can successfully generate mycorrhiza from both the spores
present in the thick soil layer, and through mycelia of shared mycorrhizal networks of seral and primary (including Korean pine)
tree species. The number and abundance of competing species are markedly decreased. For this association, the number of iden-
tiﬁed mycorrhizal fungi was the highest — 23 OTU (Malysheva et al., 2014), which conﬁrms the conclusions drawn on the basis of
the characteristics of the soil and cenotic conditions of this successional stage.
As a model of the primary (initial and ﬁnal) community we consider valley pine forest with linden, yellow birch, dark conif-
erous species, hazel and mock orange, miscellaneous herbs and sedges. The stand of phytocenosis is characterized as complex,Table 3
Indices of the similarity of species (Jaccard below the diagonal, Sørensen above the diagonal) in communities of different ages in the demutational regeneration series of
the valley pine–broadleaf forest.
10 years (PSP 1) 50–60 years (PSP 4) 90–100 years (PSP 3) 230–250 years (PSP 2)
10 years (PSP 1) 1.000 0.333 0.308 0.338
50–60 years (PSP 4) 0.200 1.000 0.456 0.319
90–100 years (PSP 3) 0.182 0.295 1.000 0.324
230–250 years (PSP 2) 0.203 0.190 0.193 1.000
55E.A. Pimenova et al. / Achievements in the Life Sciences 10 (2016) 48–56three-layer, with the dominance of Korean pine aged 230–250 years, 50–60 cm in diameter. The regrowth of pine is small in number,
up to 2200 individuals per ha (Table 1). The age range of Korean pine is represented by all stages. The primary community is themost
balanced with regard to the composition of cenopopulations, and all three groups are represented at a ratio of 1:6:13. Climax
cenopopulations reach maximum diversity here, which indicates the stability of the community. Their composition is dominated
by tree species and polycarpic short root grasses belonging to nemoral forest, boreal forest and bottom-land forest eco-cenotic groups
and East Asian chorologic group, which is typical in general for indigenous ﬂora (Pimenova, 2005b). The greatest diversity of vascular
plants (40 species per 100m2) is found in the primary community, which is indicated by the high value of the Shannon diversity index
(3.18). According to the evaluation using Jacknife 2, Chao 2 and ICE indices, the undercount of specieswas only 5–15% (Table 2). Given
the speciﬁcs of calculating the indices, we can assume that rare species with low abundance and occasional occurrence are
undercounted.
The successful regeneration of Korean pine, and thus, the formation of mycorrhiza with suitable fungi are already rooted in a
230–250 year old climax community with the balanced structure and composition of all components and established mechanisms
of maintaining a sustainable balance. A primary community comprises all patterns to ensure that pine seedlings encounter a fun-
gal component: domination of Korean pine in the stand, universal age structure of pine cenopopulation, high diversity of plant
species mostly of the climax class of cenopopulations, sufﬁciently thick soil layer undisturbed by ﬁre, and regular ﬂow of organic
matter in the form of leaf fall and litter. The development of pine regrowth in a primary community occurs mainly in the gaps of
the canopy where other species may provide competition at the initial stages, but pine receives beneﬁts in gaining the ground in
case of successful mycorrhization. A total of 18 taxa of ECM fungi (Malysheva et al., 2014) were identiﬁed for this phytocenosis,
some of them appearing only in the primary community.
The distribution of mycorrhizal endings of pine in all soil layers, including the deeper ones, and the presence of specialized
groups of fungi in relation to organic substrates from which they can extract nitrogen, lead to the greatest abundance of species
and balanced composition of ectomycorrhizal fungi communities of Korean pine in the primary phytocenosis.
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